ABSTRACT
INTRODUCTION
Many factors affect the growth and development of the mandible: genes, irregular cell migration, low growth potential, feeding habits, and other habits acquired by newborns. 1 The most common anomalies are microgenia (weak mandible growth) and retrogenia (small mandible growth in the sagittal plane). 1 Deviation of physiological mandibular growth and development may incapacitate the essential functions of the stomatognathic system. Fetuses with mandible anomalies are at risk of airway obstruction through retro-positioning of the tongue-base into posterior pharyngeal airway. 2 Micrognathia is frequently seen in Pierre Robin sequence, however it can be found in many genetic syndromes. 3 Antenatal diagnosis of anomalies by ultrasound is widely used nowadays. The aim of this study was to develop normal ranges of the facial marker: mandibular length, jaw index and the facial angle in the fetus using 3D ultrasound.
MATERIAL AND METHODS
The research was conducted as a cross-sectional study in the second trimester of pregnancy. Fetuses (female n=23 and male n=27) from singleton pregnancy between 29-37 week of gestation were examined by ultrasound. All images were acquired transabdominally, using ultrasound Voluson E16, GE Healthcare, Austria GmbH & Co OG.
Parameters and measurements:
Ultrasound was performed by an experienced operator (SM) and measured the values of head circumference, abdominal circumference, biparietal diameter, femur length, body mass. For mandibular length, inferior facial angle, and the jaw index was calculated (Jaw Index = AP mandibular diameter / BPD * 100). The profile images in the exact midsagittal plane were used. The characteristics of the fetal profiles were determined by the Schwartz and Ricketts profile analysis using soft tissue landmarks and analysis of the profile photographs. Table 2 shows the measurements of the mandibular length correlated with the habits as follow. There is no correlation Table 3 shows the values of the inferior facial angle measured in this study compared with the habits. There is no correlation between the habits of the pregnant women, the gender of the between the habits of the pregnant women, the gender of the fetus and the value of the mandibular length.
fetus and the value of the inferior facial angle. An average value of 53.3⁰ for a lower physiological minimum was defined in this study.
The values of the jaw index obtained by the 50 fetuses were correlated with the habits and Table 4 . Measurements of Jaw Index Table 5 . Measurements of body mass the pregnant woman consumed progesterone, the value of the jaw index was smaller. A correlation was also found between the use of tobacco and the value of the jaw index (Mann-Whitney test is 247.500; p<0,05). Fetuses whose mother did not consume tobacco had a smaller lower facial angle than in cases where the mother did consume tobacco.
the body mass of the fetus and the habits of the pregnant woman and the gender of the fetus.
DISCUSSION
Intrauterine development is an intricate phenomenon that is explored in detail by many medical fields, including gynecologists, pediatricians, and orthodontists. For orthodontists, a fetal analysis may predict some future orthodontic anomalies. We began this research with an evaluation of the standard parameters of all the fetuses. We compared the acquired measurements with referent values, in order to establish that the fetuses showed normal growth and development.
The results of measurement of fetal development parameters are in agreement with the results of similar research conducted by Loughna et al., Otto and Platt, and Roelfsema et al., indicating normal growth and development. [4] [5] [6] Our measurements of the mandibular length ranged from 1.9 cm to 3.1 cm, with an average of 2.3 cm, and these results are in accordance with the results of similar studies. Roelfseme et al. defined the average value of the mandible in the 18th gestational week as 1.3 cm and in the 34th week as 2.9 cm. 6 Watson and Katz measured fetuses between 18 and 27 gestational weeks and concluded that the average anterior-posterior diameter of the mandible was 1,8 cm and 2.7 cm. 7 The intrauterine growth of the mandible can be tracked using the ultrasound during the fetal life. It was Zalela et al. who established the mandibular ratio: Mandibular Ratio = 1,7759 (0,01047 x gestational week). 8 The results of measuring the length of the mandible of our research are in accordance with the results of the mentioned studies.
We compared this value to the habits of the mothers, the gender of the fetus, and any dental irregularities the parents might have and found no correlation (Table 2) . Unfortunately, at present, there is no additional research about the effects of the habits of the mothers and the mandibular length.
We can confidently conclude that there is no difference in mandibular length between genders. Malas et al. examined 161 fetuses between the 9th and 40th gestational week. They found that the speed of mandibular growth was almost equal among all fetuses in the third trimester. 9 According to Enlow, the speed of growth and remodeling in early childhood is also the same in both genders. The only differences between genders are in the contours of the inferior margin of the symphysis and the mandible itself in the prepubescent period. 10, 11 The inferior facial angle was introduced by Rotten et al.as a parameter for establishing the position of the mandible in the sagittal plane. After examining fetuses between the 18th and 28th gestational week, they established an average value of 65.5⁰. Every value lower than 49.2⁰ was defined as retrognathic. 1 We measured the average value of 53.3⁰.
This research did not show a correlation between the value of the inferior facial angle and the habits of the mother, dental irregularities, or the gender of the fetus (Table 3) . According to Rotten, the value of the IFA increases with age because the chin grows anteriorly after birth. 1 Paladini et al.examined 262 normal fetuses in order to establish a jaw index: Jaw Index = (AP mandibular diameter / BPD) * 100. 12 Our measurements of the jaw index in this research were between 25.3 and 34.0, with an average of 26.0. We compared the value of the jaw index and the gender and found no differences (Table 4. ). This is because, as Enlow indicated, differences become visible in the prepubescent age. 10 We did, however, find a correlation between the use of progesterone in the mothers and the fetal jaw index. In fetuses where the pregnant woman consumed progesterone, the value of the jaw index was smaller. A correlation was also discovered between the use of tobacco and the value of the jaw index. Fetuses whose mother did not consume tobacco had a smaller lower facial angle than in cases where the mother did consume tobacco. 13 A standard parameter that is frequently measured throughout pregnancy is fetal body mass. The body mass of fetuses in our research ranged from 1203 gr to 3701 gr (Table 5 ). When the body mass was compared to the habits of pregnant women and the fetal gender we found no correlation. However, a study from 2004 has shown that consuming tobacco during pregnancy is a health concern for both the mother and the fetus. The fetuses whose mothers consumed tobacco had a lower birth weight approximately by 200 gr. 14 New studies show that not only does the mothers' consumption of tobacco affect the fetus, but also the father's smoking habits may have the same effect on the fetus in the same way. 13 The
Analysis of the fetal profile measured the distances between soft tissue landmarks and three vertical lines. 13 In this research, we analyzed each profile pictures for parameters that indicate their overall development, development of the mandible, and the mandible position in the sagittal plane and an also for scoring the fetal profile. A reliable method of analyzing fetal profiles is the use of photographs. During ultrasound examinations, a profile picture of the fetuses was captured. The tip of the upper lip, lower lip, subnasale and skin pogonion was compared to three vertical lines: Dreyfus, Simon and E-line. The tip of the upper lip in fetuses was shown to be anterior in relation to all three lines, while the tip of the lower lip was anterior only to the Dreyfus and Simon lines. Both the subnasale and the skin pogonion were anterior to the Simon line, but differed in relation to the Dreyfus line: Sn was anterior and the Pg' was posterior. The value of the facial angle immediately prior to birth is 155.2⁰. Schwartz uses a referent value of 168⁰+/-4⁰ but in adults. The value of this angle depends on the Pg' position, which is why it is smaller in fetuses and babies:
The position of the Pg' changes with the growth of the chin, i.e., after birth. The results conclude that the fetal profile is distal. Trenouth showed that the speed of mandibular growth was different throughout fetal life and did not reach the speed of the development of the maxilla, which results in embryonal retrogenia. 15 Bareggi identified mandibular progenia in younger fetuses and retrogenia in older fetuses. 16 
CONCLUSION
In the third trimester of intrauterine life, the average value of the mandible length is 2.3 cm. There is no difference in mandibular length between genders. The physiological position of the mandible is retrognathic and the value of the inferior facial angle was 53.3⁰. Average value of jaw index is 26, and there are no statistical differences between genders.
